Abstract. Human skin, especially the epidermis, contains several major solar ultravioletradiation-(UVR-) absorbing endogenous chromophores including DNA, urocanic acid, amino acids, melanins and their precursors and metabolites. The lack of solubility of melanins prevents their absorption spectra being defined by routine techniques. Indirect spectroscopic methods show that their spectral properties depend on the stimulus for melanogenesis. The photochemical consequences of UVR absorption by some epidermal chromophores are relatively well understood whereas we lack a detailed understanding of the consequent photobiological and clinical responses. Skin action spectroscopy is not a reliable way of relating a photobiological outcome to a specific chromophore but is important for UVR hazard assessment. Exogenous chromophores may be administered to the skin in combination with UVR exposure for therapeutic benefit, or as sunscreens for the prevention of sunburn and possibly skin cancer.
Introduction
The acute and long-term normal clinical effects of solar ultraviolet radiation (UVR) on the skin are well established. These include sunburn (erythema), tanning, skin cancer and photoaging. However, we know very little about the mechanisms of these effects and their inter-relationships. In addition, a significant minority of the population suffers from a wide range of photosensitivity disorders, such as poylmorphic light eruption and chronic actinic dermatitis, of which we have little mechanistic knowledge. Apart from academic interest, an understanding of the fundamental causes of the skin's responses to sunlight is essential if we are to devise interventive strategies for treatment and prevention of solar-exposurerelated disease. For example, non-melanoma skin cancer is the second most common type of cancer in the UK and a goal of UK government health programmes is to reduce the year-on-year increase in skin cancer by the year 2005.
The first step in understanding any photobiological mechanism requires knowledge of its fundamental photochemical basis which in turn requires the identification of the specific molecule, or chromophore, which absorbs the UV or visible radiation and initiates the biological response. Strictly speaking, the term chromophore relates only to the conjugated multiple bonded (unsaturated) atoms of the molecule in question as these are responsible for its absorption properties. However, in practice the term is used loosely to describe the whole molecule. Chromophores in solution have very characteristic absorption spectra and the energy from such absorption may enable the chromophore to undergo chemical interactions within itself or with other molecules in its immediate environment. Thus, a chromophore may also be the target bio-molecule (e.g. DNA), the direct structural alteration of which, Detailed studies on DNA absorption spectra are described by Sutherland and Griffin (1981) .
as a consequence of UVR absorption, initiates the biological response. Alternatively, it may be a normal endogenous photosensitizing molecule (e.g. a porphyrin), causing indirect damage to bio-molecules (e.g. strand breaks in DNA) by the generation of, for example, active oxygen species such as singlet oxygen or the superoxide anion. The basis of some photosensitivity disorders, such as the porphyrias, is the accumulation of an abnormally high level of endogenous chromophores (porphyrins) because of congenital or acquired metabolic disorders. The skin may also show photobiological responses as a result of exogenous chromophores administered systemically or topically prior to UVR exposure in phototherapy. However, the UVR absorbing properties of some drugs such as the quinolones may result in unwanted skin phototoxicity (Young et al 1996b) .
The structure and function of human skin
The skin is the largest organ of the body. Human skin has two major components which are separated by the basement membrane. Sitting on this membrane is the outer cellular epidermis (approximately 100-150 µm), and beneath it the inner largely non-cellular dermis (approximately 2-4 mm) which contains extra-cellular structural proteins such as collagen and elastin. The main cell type of the epidermis is the keratinocyte which proliferates by division in the basal layer sitting on the basement membrane. Non-melanoma skin cancers, which represent the vast majority of skin cancers, are derived from keratinocytes. Nonproliferating keratinocytes mature whilst in transit, via a series of well defined layers, to the outer non-living epidermis (stratum corneum, approximately 10 µm) by which time they are little more than keratin flakes and are termed corneocytes. Normal epidermal turnover is under tight homeostatic control in which corneocyte loss (desquamation) is balanced with cell division. The stratum corneum, composed of 10-20 layers of corneocytes, is a major component of the skin's physical barrier function. Melanocytes and Langerhans cells form two distinct, and much smaller, populations of dendritic cells within the epidermis. Melanins, synthesized by melanocytes, are transferred, as large particles called melanosomes, to adjacent keratinocytes in which they are degraded into smaller particles (melanin dust). These particles are discarded with desquamation. Abnormal cell division of melanocytes may give rise to malignant melanoma which accounts for more than 90% of skin cancer deaths but is much less common than non-melanoma cancers. Langerhans cells have an antigen-presenting function and are an integral part of the systemic immune system.
Epidermal chromophores and their relationship to specific photobiological endpoints
The epidermis contains several chromophores which have absorption spectra within the UVR range. These include nucleic acids, urocanic acid, aromatic amino acids (proteins), melanins and their precursors. Their absorption spectra are shown in figures 1-4. Several of these molecules, e.g. DNA and urocanic acid, show maximum absorbance at 260-270 nm in the UVC (200-280 nm) range. However, it is their absorbance in the solar UVR range (295-400 nm) which is of relevance when considering the photobiological consequences they initiate.
Action spectroscopy in the skin
Classically, chromophore identification may be performed by action spectroscopy, which is a determination of photobiological efficacy versus wavelength. In theory, under ideal conditions, an action spectrum for a given photobiological endpoint will be the same as the absorption spectrum of its chromophore. However, skin is a complex heterogeneous structure, with chromophores showing overlying absorption spectra, which never provides ideal conditions. In addition, chromophores in situ may show apparent changes (e.g. red shift) in absorption properties after interaction with skin bio-molecules (Norval et al 1995 , Jones et al 1996 or photochemical modification. The latter is important where the final molecular alteration is dependent on two-step photochemistry as with the formation of the Dewar photoisomer (see subsection 3.3). In practice, action spectroscopy in the skin is not a reliable means of chromophore identification and its main benefit is for UVR hazard evaluation. In this process, an action spectrum is convoluted with the emission spectrum of the source, e.g. sunlight, to generate a biologically weighted spectrum. The action spectrum for human erythema is well defined (McKinlay and Diffey 1987) , most recently with a study using lasers (Anders et al 1995) confirming that UVB (280-320 nm) is three to four orders of magnitude more effective than UVA (320-400 nm). Studies, with polychromatic sources, in the hairless albino mouse have been used to generate an action spectrum for non-melanoma skin cancer (de Gruijl and van der Leun 1994) which shows the same general shape as the erythema action spectrum. These spectra, when used as weighting functions for sunlight, show that UVB is responsible for about 70-80% of the effect, despite accounting for less than 5% of solar UVR. There is no mammalian action spectrum for malignant melanoma because of a lack of a suitable model. However, a fish (Xiphophorus) action spectrum shows that UVB is only one order of magnitude more potent than UVA (Setlow Figure 2 . Molecular structures of trans-and cis-urocanic acid (UCA) and absorption spectrum of 15 µM trans-UCA acid in distilled H 2 O (pH 5.7) with peak absorption at ∼268 nm (data generously provided by Dr N K Gibbs). The absorption spectrum of cis-UCA is broadly similar with about a 20% loss of absorption at λ max but λ max of trans-and cis-UCA varies considerably with pH. pH also determines the photostationary state with the cis-UCA/trans-UCA ratio maximal at pH 5.5, which is close to the pH in skin (Laihia et al 1996) .
et al 1993) and if used as a weighting function for sunlight on human skin would show UVA to be the major hazard for malignant melanoma.
Urocanic acid
Urocanic acid (UCA) is the deamination product of histidine formed by the enzyme histidine ammonia lyase (histidase) present in the stratum corneum which lacks urocanase. Consequently, UCA is found at uniquely high levels in the stratum corneum. Concentrations are fairly constant in a range of body sites at about 6-12 nmol cm −2 but are much higher, as might be expected, in the sole at 62 nmol cm −2 (Kavanagh et al 1995) . UCA may occur as either a trans-or cis-isomer. The trans-isomer is the natural form in normal unirradiated skin but UVR exposure results in a trans → cis photoisomerization (figure 2). The two isomers show broadly similar UVR absorption profiles with absorption peaks at about 268 nm (figure 2). It was originally believed that UCA was a natural sunscreen. However, an action spectrum for the inhibition of normal immune function, using the mouse contact hypersensitivity (CHS) model, with a peak at 270 nm provided the basis for proposing UCA acid as a chromophore for UVR-induced immunosuppression (De Fabo and Noonan 1983) . Subsequent experiments, using a range of methodologies, have supported the hypothesis that cis-UCA modulates many UVR-induced immunological responses (see Norval et al 1995 for a recent review) although a recent study failed to confirm cis-UCA as the mediator for the inhibition of CHS (El-Ghorr and Norval 1995) but supported its role as a mediator for suppression in a different model of immune function-delayedtype hypersensitivity. In vitro studies for the action spectrum for trans-UCA → cis-UCA photoisomerization show a maximum at about 280 nm, which demonstrates a 12 nm red shift between absorption and action spectra (Jones et al 1996) . The authors suggest that this is due to differences in quantum yields for trans-UCA → cis-UCA over the waveband range studied. The action spectrum for trans-UCA → cis-UCA photoisomerization in mouse skin in vivo shows a further red shift with a peak at 310-315 nm (Gibbs et al 1993) , which may be a result of 270-280 nm screening by stratum corneum protein chromophores.
DNA
The cellular nature of the epidermis ensures that DNA is a significant chromophore. Pure DNA shows an absorption peak (figure 1) at about 260 nm (UVC) with UVB (300 nm) and UVA (350 nm) absorption about one and four orders of magnitude lower respectively (Sutherland and Griffin 1981) . Numerous in vitro studies have shown that UVR exposure of DNA results in the formation of specific photoproducts. These include cyclobutane pyrimidine dimers, such as thymine-thymine, and the (6-4)-photoproduct, in which adjacent pyrimidines are linked across the 4 carbon of one and the 6 carbon of the other. In the presence of UVA radiation the (6-4)-photoproduct may be converted to its Dewar photoisomer (Mitchell and Karentz 1993) and this interaction has recently been demonstrated in human skin in vivo (Chadwick et al 1995) . In general the action spectra for the formation of these photoproducts in vitro correlate well with the absorption spectrum of DNA or, as with the Dewar photoisomer, the absorption spectrum of its precursor-the (6-4)-photoproduct, which has a maximum at about 320 nm (Mitchell and Rosenstein 1987) .
UVR-induced epidermal DNA photoproducts are believed to give rise to mutations, e.g. in the p53 gene (Nataraj et al 1995) , which are thought to be the initial processes in UVR-induced skin cancer. The sequences of events from mutation to cancer are very poorly understood at present. Mouse studies provide convincing evidence that UVR-induced systemic immunosuppression plays a major role in the genesis of skin tumours (Grabbe and Granstein 1995) and some circumstantial data support this concept for humans (Streilein 1995) . Although there is good evidence that UCA is a chromophore for UVR-induced immunosuppression, there are also impressive mouse data which implicate DNA (Kripke et al 1992) . It is possible that different UVR-induced immunosuppression pathways have different chromophores. DNA photodamage sustained in mouse epidermal Langerhans cells in vivo can be detected in draining lymph nodes (Sontag et al 1995) , indicating that photodamage may not be restricted to the skin.
Studies on the marsupial Monodelphis domestica provide direct experimental evidence that DNA is a chromophore for erythema by identifying the pyrimidine dimer as an important causative lesion (Ley 1985) . More recently it has been noted that rapid repair of the (6-4)-photoproduct in human skin in vivo correlates with the onset of erythema, which suggests that this lesion or its repair may initiate the human erythema response (Young et al 1996a) .
A recent study demonstrated that the action spectrum for the induction of an abnormal cutaneous response in the photodermatosis chronic actinic dermatitis was qualitatively the same as that for erythema in normal human skin, although absolute doses for its induction were an order of magnitude lower (du P Menagé et al 1995) . These data suggest that the two responses share the same chromophore, possibly DNA.
Melanins
Human skin may be classified by its constitutive melanin pigmentation and its ability to tan in sunlight as summarized in table 1. The singular term melanin is widely used to describe the skin's red-brown-black pigment which resides in the epidermis. However, this description belies the range of epidermal pigments and the plural term melanins is more apt. Their biosynthesis (melanogenesis), within melanocytes, is complex and incompletely understood and readers are referred to the book by Prota (1992) . The natural structures of melanins are still poorly defined but they are believed to be polymers with multiple-monomer units linked by non-hydrolysable bonds. Consequently, degradation for chemical analysis is difficult. Eumelanins are insoluble black or brown nitrogenous pigments. Phaeomelanins are alkalisoluble yellow to reddish-brown pigments that usually contain sulphur as well as nitrogen. Studies on skin types I-III have shown a trend for increased epidermal eumelanin content with higher skin types but no correlation was observed with phaeomelanin (Thody et al 1991) .
The fundamental structural unit of melanogenesis is the amino acid tyrosine. This undergoes hydroxylation to dihydroxyphenylalanine (DOPA) which is oxidized to dopaquinone. Both reactions are dependent on the copper-containing enzyme tyrosinase, the absence of which results in albinism. Eumelanins are formed by the oxidative polymerization of 5,6-dihydroxyindoles (DHIs), including 5,6-dihydroxyindole-2-carboxylic acid (DHICA), which are derived from dopaquinone. On the other hand phaeomelanins are formed by the oxidative polymerization of cysteinyldopas, e.g. 5-S-cysteinlydopa (5SCD), which are also derived from dopaquinone. Apart from the many intermediate products in melanogenesis there are also metabolites which can be detected in urine.
The chromophore for UVR-induced melanogenesis is not known but there is recent evidence to suggest DNA as a candidate. Enhancement of DNA excision repair of pyrimidine dimers in melanocytes in vitro and administration of synthetic excision-like fragments to melanocytes in vitro and to guinea-pig skin in vivo initiate melanogenesis (Gilchrest et al 1993 , Eller et al 1994 . Thymine dimers have been demonstrated in melanocytes in vitro (Schothorst et al 1991) and our laboratory, in association with Professor C Potten, has demonstrated these lesions in UVB-irradiated human melanocytes in vivo (unpublished) . As yet nothing is know about the pyrimidine dimer repair capacity of melanocytes in vivo although their repair response in vitro is similar to that for keratinocytes (Schothorst et al 1991) .
Optical properties of melanins.
The particulate nature of melanins endows them with UVR-scattering properties dependent on particle size. Measured scattering of 580 and 633 nm radiation by natural melanin particles, ranging from 20 to 300 nm in diameter, from the cuttlefish (Sepia officinalis) corresponded to that predicted by theory (Vitkin et al 1994) . Large melanin particles (>300 nm in diameter), such as melanosomes, mainly exhibit forward UVR scattering whereas small particles (<30 nm), such as melanin dust, have a symmetrical scattering profile (Chedekel 1995). Thus, the overall optical properties of melanins in the epidermis depend on scattering as well as absorption. Forward scattering increases the pathlength of the incident radiation and increases its likelihood of absorption by melanins and other chromophores.
The lack of solubility of melanins prevents their analysis by routine absorption spectroscopy. Absorption spectra for synthetic melanins are often given as a substitute. However, these are unlikely to represent absorption of melanins in the skin. Melanin absorption in vivo has been investigated by diffuse in vivo reflectance spectroscopy where the absorption spectrum from normal skin is subtracted from the that of melanin-depleted skin (vitiligo) in the same volunteer (Kollias and Baqer 1988) . This approach generates the apparent absorption spectrum of the normal melanin chromophores which shows a maximum at 335 nm with a steep decline towards the shorter wavelengths ( figure 3(a) ). The internal absorption coefficient, in the UVA and visible regions, of human melanosomes has been estimated based on measurements of their explosive vaporization by pulsed laser irradiation (Jaques and McAuliffe 1991) and generated an absorption profile similar to the apparent absorbance of melanin determined by in vivo reflectance spectroscopy, supporting the use of this indirect technique. In vivo reflectance spectroscopy has also been used to demonstrate the apparent absorption spectra of pigmentation induced by UVB, UVA and PUVA (figures 3(b)-(d)) in which spectra of tanned and untanned skin in the same individuals were compared (Kollias 1995) . UVB-and PUVA-induced tanning induced chromophores with an absorption peak at 305 nm whilst UVA-induced tanning resulted in a 360 nm centred loss in UVR absorption with a relative increase in absorption of visible radiation. These data suggest that different pathways of melanogenesis, and hence chromophores, are induced by different stimuli and are supported by studies in which the degree of clinically assessed PUVA-induced tan correlated with the level of epidermal eumelanin but not that of phaeomelanin (Thody et al 1991) . DHI, DHICA and 5SCD show significant absorption in the solar UVR range (Koch and Chedekel 1987) and so may be legitimately described as skin chromophores (figure 4); DHICA in particular shows strong UVA absorption.
UVA and visible radiation induce a transitory pigmentation called immediate pigment darkening (IPD) which is believed to be a photo-oxidation of existing melanins. This phenomenon has been investigated by in vivo reflectance spectroscopy (Rosen et al 1990) . Increasing doses of 365 nm radiation resulted in IPD with increased absorbance between 620 and 720 nm, which is similar to that which would be observed with increased native melanin. However at lower wavelengths (410-610 nm) IPD absorbs less than would be expected from increased native melanin. The photobiological significance, if any, of IPD is not known but the phenomenon further demonstrates the complex nature of the interactions between UV and visible radiation and skin pigments.
Photobiological properties of melanins.
It is often stated that melanins have an important role in photoprotection but the supporting data are limited and/or circumstantial.
In reality, the photobiological properties of melanins are poorly defined and some studies suggest that melanogenesis may be associated with photosensitization. In this respect, it is noteworthy that albinos who have deficient melanocytes (i.e. not producing melanin) are not prone to malignant melanoma (Diffey et al 1995) . Furthermore, it is important to consider the photobiological consequences of melanogenesis as well as those of its final products.
Epidemiological studies show that skin types I and II are more skin cancer prone than higher skin types. Repeated daily exposure of human skin to sub-erythemogenic doses of solar simulated radiation (SSR) results in melanogenesis in skin types I-IV. With skin type I this was not observed clinically but was evident histologically. The photoprotective properties of this pigmentation were determined by exposing the tanned skin, and an unirradiated adjacent-skin control, to a challenge of two minimal erythema doses (MED) of SSR one week after the last tanning treatment. Analysis of the data using epidermal DNA damage an as endpoint showed no evidence of photoprotection in skin types I and II but only modest photoprotection in skin types III and IV who tanned well (Young et al 1991 , Potten et al 1993 . These data suggest that photoprotection from facultative tanning is skin type dependent and is at best rather limited.
Several in vitro studies have identified photosensitizing properties of melanins or their intermediates (Hill 1992). 5-SCD photobinds to native DNA after exposure to 300 nm radiation and also induces single-strand breaks (SSBs) in DNA (Koch and Chedekel 1986). More recently, it has been reported that 5-SCD is photochemically unstable in the presence of UVA radiation and oxygen (Costantini et al 1994) and that DIHCA sensitizes DNA SSBs with 313 nm exposure, especially in the presence of oxygen (Routaboul et al 1995) . The clinical significance, if any, of these reactions is unknown but they clearly demonstrate photobiological potential of melanogenesis intermediates.
Proteins
Most of the research emphasis on cellular chromophores has been on DNA. However, the aromatic amino acids tyrosine and tryptophan show significant absorption in the solar UVB (figure 1) range but little UVA absorption. Tryptophan has been shown to photosensitize the destruction of adjacent amino acids in polypeptides, such as α-melanocyte stimulating hormone (α-MSH), irradiated with UVB at 302 nm (Pigault and Gerard 1989) . It has long been established that proteins may photobind to DNA (Peak et al 1985) , probably mediated by DNA absorption, but the role of proteins as skin chromophores has not been well studied. It has recently been reported that exposure of HeLa cells to UVC (Devary et al 1993) and epidermal cells to UVB (Simon et al 1994) can activate cytoplasmic nuclear factor κB (NFκB) via a non-DNA pathway. The data from these studies suggest that the initial response for the activation of this transcription factor is membrane mediated, suggesting the possibility of a protein chromophore.
Miscellaneous
With the exception of epidermal melanin, the chromophores discussed to date have been primarily UVC-UVB-absorbing molecules. Action spectroscopy in vitro and in vivo shows that UVA has wide-range molecular and biological effects, albeit, as a general rule, very much less efficient than shorter UVB wavelengths. Whenever investigated, these UVA effects have been shown to be caused by oxidative stress which is believed to be mediated via a range of photosensitization reactions of endogenous cellular chromophores. For example, the ubiquitous co-enzymes, NADH and NADPH, have been shown to generate the superoxide anion (O ·− 2 ) when irradiated with monochromatic UVR in the 290-405 nm region (Cunningham et al 1985) . Riboflavin (Peak et al 1984) and porphyrins (Peak et al 1985) have also been suggested as possible UVA-photosensitizing chromophores. Most mechanistic studies on UVA photobiology have focused on identifying the specific types of oxidative stress, on which there is a large body of literature, for a given endpoint, rather than specific chromophores which remain elusive.
Exploitation of endogenous and exogenous chromophores

Biological dosimetry in the skin
UVR-absorbing chromophores which undergo photochemical alteration on exposure to solar wavelengths may be useful in biological dosimetry of the skin in vivo. This would be valuable for skin cancer risk assessment, in which it is important to know the UVR dose for a given solar wavelength at different epidermal cell layers, especially the proliferative basal layer keratinocytes and melanocytes. Such knowledge would assist in calculations of any changes in skin cancer risk as a result of ozone layer depletion. Biological dosimetry of skin is in its infancy but one approach would be the use of monoclonal antibodies against specific photolesions in specific cell types, e.g. thymine dimers in melanocytes assessed by quantitative image analysis. It has been recently demonstrated that 260 nm radiation caused damage in the supra-basal cell layers only, whilst 300 nm radiation caused virtually comparable levels of damage at all epidermal layers (Chadwick et al 1995) . These results differed substantially from data obtained from ex vivo models of epidermal penetration, which would have predicted about 3% of 300 nm radiation reaching the basal layer (Bruls et al 1984) . Epidermal transmission properties are largely dependent on the absorption properties of the major epidermal chromophores. Thus, it is not surprising that 260 nm failed to cause basal layer epidermal DNA damage as it is readily absorbed by DNA and UCA.
Sunscreens
The UVR-absorbing properties of some molecules have been used in topical sunscreen preparations for several decades. Photoprotection is dependent on the absorption spectrum of the sunscreen overlying the action spectrum of the endpoint in question. Sunscreens are currently defined by their sun protection factor (SPF), which is a measure of their ability to inhibit erythema. There is increasing interest and research in the use of sunscreens to protect against non-erythema endpoints, such as DNA photodamage and immunosuppression (Young and Walker 1995) , which may be relevant in the prevention of skin cancer. Some human data suggest that high-SPF sunscreen use may have a modest but significant role in the prevention of solar keratoses, which may be regarded as an indicator for non-melanoma skin cancer , Naylor et al 1995 . A current controversial issue is the positive-correlation relationship between sunscreen use and malignant melanoma (Autier et al 1995 , Westerdahl et al 1995 . The use of sunscreens, which until quite recently were primarily UVB absorbers, may have enabled excessive UVA exposure which, as discussed in subsection 3.1, may have an important role in malignant melanoma (see Young 1996) . Ideally, energy absorbed by sunscreens should be dissipated as heat but there are some published data on energy transfer reactions between sunscreens and bio-molecules such as DNA. Thymine dimer photosensitization in naked DNA has been reported with paraaminobenzoic acid (PABA-which is no longer used as a sunscreen) (Sutherland and Griffin 1984) and 2, 2 -dihydroxy-4, 4 -dimethothybenzophenone sulphonic acid (Bolton et al 1992) . However, such a reaction is not possible with 2-ethyl-hexyl-4 -methoxycinnamate (λ max = 310 nm) or 4-tert-butyl-4 -methoxydibenzoylmethane (λ max = 355 nm), the most widely used UVB and UVA sunscreens (often together) respectively in Europe (Gonzenbach et al 1992) . Octyl-dimethyl-PABA has been shown to sensitize mutations in yeast as well as DNA damage in vitro in the presence of solar UVR wavelengths (Knowland et al 1993) but the current use of this chemical in UK sunscreens is minimal.
Photochemotherapy
Photochemotherapy is well established in the treatment of skin disorders. The most widely used exogenous skin chromophore is orally administered 8-methoxpsoralen, in conjunction with UVA, for psoriasis and other skin disorders. The oral administration of a photosensitizing agent may result in unwanted skin and eye phototoxicity if due care is not taken. A recent and exciting development in skin phototherapy is the use of topical δ-aminolaevulinic acid (ALA) (Kennedy et al 1990) . Epidermal metabolism converts ALA to protoporphyrin IX, which is a very potent photosensitizer with visible radiation and has good tissue penetration properties. ALA has the advantage of selectively penetrating the abnormal epidermis associated with skin cancer and ALA phototherapy for the treatment of non-melanoma skin cancer is currently under evaluation with some reports indicating good results (Calzavara-Pinton, 1995).
Conclusion
The overall optical properties of the skin depend on photon absorption and scattering by a wide range of biomolecules: some simple and well defined such as urocanic acid and others complex and poorly defined such as the melanins. The UVR absorption spectra of the major epidermal chromophores have been reviewed along with the possible biological consequences of absorption. The review shows that, within the solar UVR range, most of these chromophores are UVB absorbers with poor UVA absorption properties. However, UVB absorption is generally poor when compared to that of non-solar UVC. In simplistic terms, these data explain why ex vivo epidermal UVB transmission is about two orders of magnitude greater than that of UVC. However, the location, distribution and structure of different epidermal chromophores is very varied and their individual contributions to the overall transmission properties of the skin are unknown. Some data also show that the optical properties of the skin vary not only with melanogenesis but also with the way this process is induced. Finally, there is limited evidence that the optical properties of the epidermis may be different when compared ex vivo and in vivo. Such differences should be borne in mind in studies designed to devise mathematical models of skin optics.
